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EXECUTIVE SUMMARY 


1. Background. Tho Tender and Repair Ship Load List (TARSLL) specifies 
the cange and depth of the items carried by cach destroyer tender (AD) and 
repair ship (AR). Sepurate load lists ure prepared for the Atlantic and 
Pacific, but all Abs and ARs in the sume ocean carry the same load. The 
current set of computations for AD/AR ‘TARSLL wus developed and approved by 
the Naval Supply Systems Command (COMNAVSUPSYSCOM) more than 15 years ago. 
Shnee then there have heen numerous revisions, additions and deletions to 
the mithemitical model, i.e., the computational rules. ‘here nas not been, 
‘ however, any rystemaitic evaluation of the model or of the AD/AR TARSLL 
production proce::s during that time. 
2. Approach. This study began by evaluating four alternative ways of ex- 
tracting data to build tho load list candidate File. Aspects of the model 
that were eva)uoted includa the runge, depth and protection level constraints, 
the Avecade Quarterly bemind (AQN) and risk of stockout computations, the 
~ effectiveness quol, and the use of sepurute effectiveness goals for different 
scqrents of Lie candidule file. The une of manual override quantitics was 
etm evaluetol. 

AUP fect fered bist 2 were Dased on dites extracted from the Navy Ships 
Ports Control Center (oreo) foles in 1979-1900. The demands used to build 
the Peed Peat] coverod the pocondl July 1977 through June 1979. The test 
lenvis were then evaluated by cumpuring the computed loud List quantity with 
98 days of subsequent actael tender demind.  Uvaluations were made for each 
type oF vendor for deployed md eves ccenarios. 


: Y Pindings and Recommunriation:. The candidate file analysis showed that 


Forge anereases an the size of the candidate file produce large increases in 


vere 


the size and cost of the load list but only small increases in effectiveness. 
Though the differences between the largest and smallest Luads in terms of range 
(22,000 to 14,000 items) and cost ($3.7 million to $1.9 million) were signifi- 
cant, the differences in effectiveness never excecded five percent and were 
often much smaller. The maximum gross effectiveness if all candidate itens 
were stocked varied from 80-90% for all candidate files, indicating that 
most evaluation period demands were for candidate items. 

The model evaluation indicated that elimination of the range cut would 
result in increased range and dollar value, but decreased effectiveness. 
This apparent paradox, more stock but less effectiveness, occurs because the 
lack of a range cut changes the mix of items on the load list. The items added 
do not satisfy as many demands as did the items delcted. Similucly, the study 
showed that the current criteria were more cost-effective than the other 
alternatives for computing AQD, computing stockout risk, setting minimum/ 
maximum protection levels, and setting effectiveness guals. 

This study also identifies several areas where changes will produce a more 
cost-effective load list. The basic change proposed is that the candidate 
file be divided into two segments; items which have experienced demand during 
the two year history used to build the candidate file should be separated 
from items which have not experienced demands. It is recommended that future 
AD/AR TARSLL loads be built with a lower range cut for demand-based items than 
for items with no historical demand. It is also recommended that all] manual 
overrides for demand-based items be ecliminated. While overrides for demand- 
based items did improve load list effectiveness when used with current pro- 
cedures, they also raised the cost of the load list. The study, however, 


’ 


showed that the revised procedures recommended above, which utilize a lower 


di 


range cut for demand-hased items, can reduce cost 500-700 thousand dollars 
for the same effectiveness or increase the number of requisitions satisfied 
as much as 11% for the same dollars, even if overrides are eliminated. 
Finally, the study showed that current depth constraints on items with no 
historical demand tend to increase cost and decrease effectiveness. Items 
are constrained when high predicted usage is not reflected in the historical 
demand data. The items ure also excluded from Load list effectiveness cal- 


culations for the same reason. Such adjustments to the effectiveness 


computations produce changes in the stocking levels of many other items and 


here result in increased load list costs and lower load list effectiveness. 
Furthermore, depth constraints tend to decrease support for new weapons being 


introduced into the Fleet. Therefore, these constraints should be eliminated. 


I. BACKGROUND AND INTROUUCT ICH 
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from 1 July 1977 through 30 June 1979. The final composition of the tour 


Candidate Files used in the study is shown in ‘TABLE TL. 


TABLE II 
TARSLIL CANDIDATE FILE 


SYSTEM USED TO NR ITEMS NR ITEMS ONIDY TOTAL NR LTEMS 
| SELECT APLs FROM WSF IN DMD FILE IN CANDIDATH. FILE 


Hl 304,705 12,407 317,112 
H7 i 150,310 14,236 164,546 


3M2 176,487 14,237 190,724 
[ 1980 117,450 18,981 136,431 


It should be noted that the candidate file range is less than the sum of all 
items extracted from the WSF plus all items from the MLSF demand file. For 
example, in TABLE II, the Hl candidate file contains 317,112 items of which 
304,705 are WSF items but only 12,407 of the 25,029 in the MLSF demand file 

are included in the candidate file count. This occurs because each separate 
National Item Identification Number (NIIN) on the WSF extract produces a 
corresponding record on the candidate tape, but only records unique to the demand 
file produce additional candidate records. If the same NfIN appears on both 

the WS! .nd MLSF demand extracts only u single cundidute record containing 

data from both sources is built. 

Each of the four candidate files listed in TABLE tf was used with the 
current AD/AR TARSLL mathematical model program to build a test load list. 
The adjustable parameters in the model were set at the values selected during 
the production of the 1980 Atlantic AD/AR TARSILL. A list of the model's 
variable parameters and the settings used throughout this study are found in 


APPENDIX A. Using current model simulation procedures, cach of the four test 


loads was designed to have a predicted net requisition cffectiveness of 90%. 


Range and price statistics for the test load lists built following these 


procedures are shown in TABLE III. 


TABLE TLI 


CANDIDATE FILES 


SVTALISTICS FOR ALTERNATE 


RANG): AND DOLLAR VALUE 


LOAD LIST COST 
(MILLIONS) 


LOAD LIST 
RANGE 


CANDIDATE 
RANGE 


CANDIDATE 
FILE 


$3.715 
2.859 


2.353 
1.906 


22,023 
18,711 


18,187 
14,480 


317,112 
164,546 


190,724 
136,431 


In order to evaluate these loads and the candidate files from which they 


are derived, it is necessary to meusure the degree to which each load meets 


the same for all 


The goal is 


the performance goals it was built to achieve. 


four test loads. for a 9O day period, the load list should satisfy 90% of 


augmenting or 


the requisitions for items carried on the load list without 


resupplying the load list in any way. 


The evaluation procedure consists of matching the load list against all 


the demands experienced by an actual AD or AR during a 90 day period and 


The 


measuring the number of demands which the load list assets can satisfy. 


demand used in the evaluation cannot be for the same time period as the demand 


results will be biased. 


or the 


lowedss 


used) in developing the 


The data used in the evaluation process for this study consist of demands 


for two different 90 any periods from each of two tenders, the USS VULCAN 


(AR 5) and the USS YOSEMITE (AD 19). The demands used to build the load lists 


covered the period from 1 July 1977 to 30 June 1979. As TABLE IV shows, the 


demand used in the evaluations did not duplicate any of the luad list demand. 


TABLE IV 


EVALUATION DEMAND DATA 


DEPLOYED OR CONUS 
DURING DEMAND PERIOD 


TIME PERIOV 


USS VULCAN (AR 5) Deployed Med 1 Oct 79 to 31 Dec 


USS VULCAN (AR 5) CONUS 1 Mar 80 to 31 May 
USS YOSEMITE (AD 19) Deployed Med 1 Feb 80 to 30 Apr 
USS YOSEMITE (AD 19) CONUS 1 Jul 79 to 30 Sep 


The evaluation program measures the effectiveness of each load list in terms 
of the number of NIINs satisfied, the number of requisitions satisfied, and 
the number of units satisfied. In each of these categories, the effectiveness 
is calculated in two different ways, net effectiveness ~ the percent of load 
list items demanded that are satisfied, and gross effectiveness ~ the percent 
of all demands that are satisfied. 
Each of the four test loads described in TABLE III was matched against 
each of the four evaluation tapes. The results of these runs are shown ib 
| TABLE V. 
: It is noted that all effectiveness measures in this report reflect the 
ability of the load list quantity to sutisfy 90 days of demand with no resupply 
and no consideration of additional Demund-Based Item (DBI) levels computed hy 
the ship. A review of all Atlantic AND/AR ship supply cffectiveness reports 


for 1980 indicates that actual gross requisition effectiveness generally varies 


between 55-70%, while net reyuisition effectiveness generally varies between 


85-90%. The study effectiveness values were generally a1 the jow 50s far 


gross and low 0s for net effectivenenas. 
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In each case, only 1,000 to 1,800 items slowed demand in any one quarter on 
a given tender. However, it is important to emphasize that current policy 
identifies the AD/AR TARSLL as war reserve stock. Thus, it is the ability 
to provide required intermediate level maintenance support in the period 
immediately after mobilization that determines how well the AD/AR TARST.I. 
fulfills its mission. Since this study cannot directly measure the load 
list's response to wartime demands, instead it measured the loud'’s ability 
to supply peacetime Fleet demands. Although only u small number of items 
experienced peacetime demand on a given tender in a given quarter, the loud 
is largely un insurance lovel and it was not possible to measure how many 
iLtems would be demanded ocross the entire Fleet under mobilization condi- 
tions. It is noted that a previous PMSO study (ALRAND Working Memorandum 
358 of 3 June 19860) showed that AD/AR demands are vory erratic with most 
items experiencing long intervals betwuen demand. Over a seven year demand 
history in each Pleet, about 528 of the items experienced demand in only 
one of the seven years. Only 2,700 - 3,000 items in cach Fleet experienced 
demand in each of the seven years. Purthermore, almost half the items 
demanded over the seven your period were unique to o single AD or AR. Thus 
it is not unexpected that a large portion of the load list range, which 

is built to support an entire Fleet over a three your period, would 
experience no demand on a given tender in a given quirter. 

Since the TARLE V cffectiveness is offected by the model range criteria 
as well as the candidete File, evaluations were carried une step further 
by mathematically computing the maximm possible effectiveness each candidate 
file can produce. This method has an advantage in that it is a direct 


measurement of the candidate file itself and not of a load list built froma 
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candidate file. This value is derived hy adding the data on load list items 
experiencing demands to the data on nonload list candidate items experiencing 
demands and dividing by the total number of demands. The result is the 
maximum gross effectiveness that could be achieved hy a candidate file dur- 
ing a given demand period if every candidate item was stocked. This value 
can be computed for NIINS, requisitions, or units. 

The cesults of the maximum possible effectiveness computations appear 
on TABLE VII and show that the Hl candidate file has the highest maximum 
effectiveness in every category of all four evaluations. The 3M2 candidate 
file has the second highest effectiveness in eight of the 12 categories and 
cither the 7 or 1980 files ure always the least effective. While the Hl 
file contains more than twice as many candidate items as the 1980 load, 
the difference between them in terms of maximum NIIN or requisition effective~ 
ness 383 never more than 5%. The difference in maximum units effectiveness 
is only 0.7% or less. For the 3M2 and 1980 files, the difference in 
maximum Glfectiveness is generally less than 34%. 1f 3s noted that the 
moximum qross effectiveness values are generally in the #0-90% ranqe, 
mareating that most deminds are for candidate items. 

Clearly, the basic tact demonstrated in these tests is that the 
effectiveness of a candidate tile and the load list built from it tends to 
increase as the number of items ia the file or load list increases. If 
other things remain constant, barge dinereases an the ronge of the candidate 
file will produce amall increases in effectiveness but much larger increases 
try Penned boe.t eo bo oaeeet barre. Sy ooamilarity of Che VARLE Vib values. for 
Coeh combubate Date md? the Cae difterence between the PARLE Voond TABELL Vi 
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later in the routines that. compute load list depth and loud list 
effectiveness. Two separate procedures can be used tu compute the AQD. 
Each uses different data to make the computations. 

The AQD can be computed us the simple averaqe of historical demand or 
the AQD can be computed by multiplying the item's BR by its population on 
the ships supported by the load list. The current model is designed to favo: 
the computation based on historica] demand. It will automatically select 
that option for any item with historical demand, even if the BRE and popu- 
lation data are also available. Only when an item has no demand history is 
the BRF times population procedure used. 

A proposed new procedure for AQD computations is cvaluated in this study. 
When historical demand data are available, the AQD is computed both with 
historical demands and with the BRF times supported population. ‘the larger 
of the two values of AQD is used in the remaining model computations. ‘The 
jM2 candidate tape was used to evaluate the effect this and all future 
changes to the model would have on the load lists it produced. A demand 
and price profile of the 3M2 candidate file, based on the current AQD 
computation, is presented in APPENDIX B. The two load lists were built 
from the 3M2 candidate file. The first used the current 1980 AD/AR TARSLL 
model program without any changes. The second loud was built using a 
model which contuined the routine that selects the larger AOD. Both were 
built to provide 90% net requisition effectiveness. For this and all 
future tests, the evaluation was limited to the USS VULCAN (AR 5) demands 
during a CONUS assignment (March 1980 through May 1980). The results are 


shown in TABLE XI. 
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TABLE XT 


IMPACT OF ALTERNATIVE AQD COMPUTATION 


LL COST 
(MILLIONS) 


LOAD LIST 
MODEL 


LL RANGE 


1980 AD/AR TARSLL 


1,283 
+(1.1%) 


18,889 
+(3.8%) 


"Larger AQD" Model 


This evaluation demonstrates that the new “larger AQD" routine will satisfy 


about 1% (14) more requisitions but will also increase costs and slightly 


reduce the number of units satisfied. 


D. RISK OF STOCKOUT. The current AD/AR TARSLL model computes a load list 


The model computes an acceptable 


quantity by using a variable risk procedure. 


risk of stockout for each item based on its unit price, average demand and 


essentiality. 


Risk 2h (unit Price) (Average Requisition Size) 


(Essentiality) 


where is a control parameter set to achieve the stated effectiveness goal. 


In the past, there have been no meaningful essentiality codes assigned. As 


a substitute for this lack of data, the AQU is currently used as a measure 


of essentiality when an item has experienced historical demand. If an item 


has no demand history, the "essentiality"” for the item is developed in a 


special model routine using the item's population, its component to mission 


Military Essentiality Code (MEC) and its part to component MEC. A full 


description of the “essentiality" development routine is found in APPENDIX C. 


Use of the AQN as an “essentiality"” meaSure tends to ensure that the faster 


moving items receive high protection 
reviewing the current model program, 
for computing the “essentiality" for 
SPcc requested that the AON based on 


as the "essentiality" for items with 


levels (low risk of stockout). After 
SPCC recommended that the procedure 
nondemand-based items be revised. 


BRF times supported population be used 


no demand history. 


This proposed change to the current model was cvaluated using the same 


technique described earlier. 
actual tender demand. 


equation and associated procedures. 


Two loads were built and then evaluated using 


One load was built using the present model risk 


The other load used a mode] containing 


the revised risk equation with AQD as a measure of “essentiality" for all 


items, as recommended by SPCC. Both 


loads were developed from the 3M2 


candidate file and both were evaluated using the AR 5S (CONUS) demand file. 


The results are shown in TABLE XII. 


TABLE XII 


IMPACT OF REVISED "ESSENTIALITY" 


RISK 
EQUATION 


LL COST 


LL RANGE (MILLIONS) 


18,187 $2.328 


18,187 2.325 


- (0.1%) 


IN RISK FORMULA 


TOTAL 
UNITS SATISFIED 


TOTAL 
REQNS SATISFIED 


42,588 


37,583 
- (11.8%) 


The use of the revised risk equation with AQD as the essentiality for all 
items caused large reductions in the performance of the load list in this 
evaluation. There is a current initiative to assign Mission Criticality 
Codes (MCCs) to all equipments installed on-board ships. Upon completion 


of this effort, it is anticipated that further study will be initiated to 
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incorporate these codes as the essentiality measure in the risk computation. 


BE. PROTECTION LEVEL CONSTRAINTS. Protection is the complement of risk, 1.e., 
protection equals one minus risk. To compute the load list quantities on 
the AD/AR TARSLL, the mathematical mode! program computes a separate risk/ 
protection for each item. While the value of risk/protection will vary from 
item to item, constraints applied to the computations prevent extreme or 
unacceptuble values. These constraints, the maximum allowable risk and the 
Minimum allowable risk, are adjustable and can be set at any value. It is 
also possible to set them at the same level, producing a fixed protection 
load in which all items have the same or u “fixed" risk/protection. 
Historically, the maximum and minimum constraints on risk have been set 

at 97.725% and 2.275%, resulting in minimum and maximum protection levels 

of 2.275% and 97.725%, respectively. These values have produced load lists 
that meet the required effectiveness goals while keeping costs as low as 
possible. These loads: provide the highest support to low cost items with 
the highest rates of demand and only minimum support to higher priced items 
with lewer rates of demand. This study examined the load list produced 

when the standard comn.t¢erwtads ot computed protection are changed. In 
Particular, the study examined a load built using « €0% manimum protection 
instead of the sual 2.275% (402 miximam risk vice 97.7252). Por this load, 
the constraint on maximum protection remained at 97.725%, ‘These are the 
canstraints currently proposed for the Fleet Issue Load List (FiLu). The 
Toad with the revised minimum costraint was built and evaluated in the same 


Manner described earlier tn the otudy. The results tre shown in ‘TABLE XIII. 
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TABLE XIII 


IMPACT OF 60% MINIMUM PROTECTION CONSTRAINT 


Sl EEE EEE 


LL COST TOTAL | TOTAL 
(MILLIONS) | REQN SATISFIED! UNITS SATIS" IFD 


LEVEL 
CONSTRAINTS 


LL RANGE 


= 97.725 18,187 $2.328 1,269 { 42,588 
2.275 

= 97.725 18,187 3.225 1,281 41,161 

= 60.0 + (38.5%) +(1.0%) - (3.3%) 


The evaluation showed that increasing the minimum protection constraint 
raises the cost of the load list and the increase cim be significant. The 
change has much less effect on load list performance, but as the decrease’ 
in units effectiveness shows, the change does not improve the loads 

overall performance. The change also had no impact on the effectiveness 
for repairable items, possibly due to the low volume of demands (16) for 
repairables on the load list. 

F. EFFECTIVENESS GOAL. Specific effectiveness goals have been assigned to 
the AD/AR TARSLL in the official instructions which control load list 
development. Currently, the goa] is defined as the ability to satisfy 90% 
of the requisitions for load list items that are received during a 90 day 
period without any resupply. For this study, a load list was developed 
based upon a net units satisfied effectiveness goal rather than the present 
net requisition satisfied goal. To build this load list, a small revision 
had to be made to the risk equation in the load list math model program. 
When effectiveness is measured in terms of requisitions satisfied, the risk 
equation includes an item's unit price, essentiality and average requisition 


size. 
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Risk =‘) Conit Price) (Average Requisition Size) 
(Essentiality) 


When effectiveness is measured in terms of units satisfied, the average 


requisition size is deleted from the risk equation. 


sie (ay ener 
BABES IN? (Essentiality) 


In both equations, the “essentiality" is represented by either the item's 
AOD or by the relative item essentiality derived from the item's MEC (see 
APPENDIX C). 

The load list built with a 90% net units satisfied effectiveness goal 
was evaluated using the standard procedures used throughout this project. 


The results are shown below in TABLE XIV. 


TABLE XIV 


IMPACT OF UNITS VS REQUISITIONS EFFECTIVENESS GOAL 


LL COST 
(MILLIONS) 


EFFECTIVENESS 
GOAL 


REQN SATISFIED{ UNITS SATISFIED 


90% Net Requi- $2.328 
Sitions 


Satisfied 


90% Net Units 18,387 1,275 
Satisfied + (0.5%) 


The evaluation results showed that the change from requisitions satisfied 


to units satisfied produced only a small increase in cost and almost no 
change in the effectiveness. 
G.  STMULATION SEGMENTATION. In all the loads built thus far for this study, 


no differentiation has been made among the candidate items during the simula- 


tion process. Historically, in building other types of loud lists the 


candidate file has generally been broken into segments befure the simulation 
process is begun. This is done by grouping together all items having some 
common characteristics not found in the other candidate items and applying 
the effectiveness goal to each separate category. A common procedure is to 
segment. the candidates into Equipment-Related (ER) and Nonequipment-Re) ated 
(NER) groups. For ER/NER items, a segmented simulation is used because the 
math model emphasizes cost effectiveness and tends tu increase the depth of 
cheaper NER items at the expense of the depth for more costly ER items. 
Because of the range cut procedures currently used with the AD/AR TARSLL 
a segmented simulation process does not affect the range of the load list. 
In this study, three different methods of dividing the candidate file 
were evaluated to determine if any of the procedures could improve load List 
effectiveness. The file was first divided into ER and NER segments, then 
into segments based upon each item’s stores account, and finally into one 
group which had experienced historical demand and another group which had 
not. The ER/NER segments were evaluated first. Candidate items for the AD/AR 
TARSLL are defined to be ER if the item was contained in the WSF extract 
or if the item appeared in both the WSF and MILSF demand file extracts. 
Items which were only in the MLSF demand file extract are defined to be 
NER. (Since the WSF extract does not include all APLs on the supported 
ships, the ER/NER coding may be misleading.) Using the segmented simulation 
procedure, both the ER and NER items were simulated separately until each 
group had a predicted net requisition effectiveness of 90%. A total AD/AR 


TARSLL was computed by merging the results of the separate ER and NER 


simulations into a single load list. This merged ER/NER load was then 


evaluated using the came procedures employed previously in this study. 

The second load built using . segmented simulation divided the candidate file 
into two parts based on the item's steres account code, which is the first 
character of the cognizance symbol. Items with a stores: account code of 


1, 3%, 5 or 9 (consumables) were placed im one group, while those with 2, 4, 


un 
. 


J or 8 (repuiraubles) were placed in the other. Agnin, both groups were 
separately simulated to have u predicted net requisition effectiveness of 90%, 
then merged into a single load before the stundard evaluation was accomplished. 
The final segmented simulation again divided the candidate file into two 
groups. One group contained all the items with one or more historical demands 
reported during the last two years. The other group contained all the items 
with no demands reported in the last two years. The same procedure was 
followed as with the other segmented loads. Both groups were simulated to 

the same 90® net requisition effectiveness, then merged into a single load 
which was evaluated using the standard procedures of this study. 


TABLE XV contains the results: from the evaluations of the three segmented 


load Lists plus the data trom. load built with no segmented simulation. 


WN ee 


TABLE XV 


IMPACT OF SEGMENTED SIMULATION 


TOTAL. 
KEN SATHOE LED 


: TOAD LIST 
KANGE 


! LL BUILDING 
PROCESS 


} (MILLIONS) 


WITAL. 
UND. GATESe Eb 


No Segments 1H, 187 $2,328 40,08 


ER/NER Segments 18, U7 2.373 
+#(1.9%) 


Pe Pa 
e(.0. Ae) 


18,187 2.370 
+(1.80) 


Stores Account 
Segments 


41,825 
- (1.8%) 


Demand/No Demand 2.380 42,731 
Segments #(2.2%) #(0, 34) 


NOTE: All percentages use the No Segment loud list as the base. 


The evaluation results indicate that both the ER/NER and the VLemand/No 


18,187 


Demand segmented load lists outperform the nonsegmented luoed, but using a 
stores account segmented procedure reduces overall loud list effectiveness. 
The ER/NER produces the largest increase in units satisfied while tho 
demand/no demand load produces the highest requisition offectiveness. 
TABLE XVI shows a further breakdowm of the segmented loads, showing the 
contribution each individual seqment mikes toward load list cost and 


effectiveness. 
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W368 increased by reducing the value of the range cut. Pour fest loads 
were built und evaluated. TABLE XX presents a comparison between the domand 
items on test loads built wilhout overrides using the current and reduced 


fange cuts and a lowd Jist built using overrides. 


TABLE XX 


IMPACT OF ELIMINATING OVERRIDES AND LOWERING RANGE CUT 
(DEMAND-RASED LTEMS ONLY) 


r T | Ren ee go wo aan Apammg tee on Reise Ban Bde pe mee Te 
\ RANGE | i COST OF TOTAS, TOTAL, 
: : 


‘toad ovenrtoes! cuT 


{ RANGE OF t DEMAND RLEONS ; UNITS 
' £ 8K? USED | POINT { DEMAND ITEMS: ITEMS (MILLIONS) | SATISFIED. SATISFIED 
Wiese am: ee meee erence ee el wm wm ere nan en ree wee momen 3 me eh 8 m8 
4 
, 4 You ' RA 4 9,436 31.245 { 1,t29  ; 40,529 
| 2 Me a8 ~ 9,42) 477 1,099 | 36,281 
: / = (61.78%) -(2.7%) . =-(10.5%) 
, . 
} * ! i 
; ? ie 4 12,122 744 1,170 |‘ 36,320 
; "= (40.2%) +(3.6%) 1 -(10.4%) 
: , j 
/ 4 tes > | 12,96) -897 1,195 { 36,335 
j ; . = (28.04%) +(5.9%) ; ~ (10.4%) 
' j : 
t ’ 
+ ee 2 | «14,569 1.243 1,234 | 36,353 
| | \ - (0.2%) +(9.3%) - (10.34%) 
& f Ne i 17,013 2.057 1,292 36, 395 
| +(65.2%) +(14.4%) | - (10.28) 


he abeve table shows that it is: possible to remove the overrides from 
the loat List ant, by also reducing the range cut point for demand-hased 
eeme, porters a hooper Jead with higher requisition effectiveness (see 
Late 92, B, ated 9). Tewevwrec, more of the test loads were able to match 
nhe unit effectiveness produced by the load list with overrides. Further 
maleic indicates that the 19: differsnce in the number of units satisfied 


at Taruely caused by overrides applied to four or five cheup, fast moving 


yA 


i items, and a single item accounts for about three-fourths of the 10% 
difference. These data are presented in TABLE XXI which shows the 20 demand 
items fron the #4 load Jist which had the largest number of unsatisfied 


demands during the Joud List evaluation. The items ure listed in order 


by the number of units: not satisfied. 


TABLE XXI 


LOAD LIST #4 ITEMS WITH THE MOST NOT SATISFIED DEMANDS 


[ MODFT, 


| ITEM UNITS DEMANDED COMPUTED | UNIT OVERRIDE 

| NR \ UNITS SHORT DURING EVALUATTON L/T. QUAN'TE PY PRICE $ QUANTITY 
sae eI ah = seine 
it 4,829 8,000 $475 202 0 
i 2 | 4,149 9,600 6,451 ¢ 0S 46,287 
ae,“ Shea 1,800 wa Eas 0 
| 4, 1,100 1,491 | 391 | 18 0 
5 ; 1,000 | 1,000 * * 0 
| 6 | 980 } 980 * * 0 
pom: 896 900 4 | .89 ) 
| a: 2 618 | 1,100 | 482 | .02 3,000 
= 500 | 500 | * i 0 
| 10 500 | 500 | * | * ) 
ll 419 500 8) .86 0 
12} 390 1,050 660 te 7,52) 
13} 366 | 409 43 3.01 0 
| 14 300 | 300 ( * 0 
125 293 293 | * * 0 
bie | 292 400 | 108 .38 83) 
sa 258 500 242 1.13 0 
18 252 252 * * 0 
- 19 251 500 249 68 1,000 

i 20 300 55 05 


*Ttems not in candidate or override file. 


Along with the number of units short, the table also shows the number of 
units demanded during the evaluation and the load list quantity computed by 
the model. The difference between the units demanded and the load Jist 

; quantity is the number of units short or not sutisfied. If overrides had 


been used in this load list, items #2, 8, 12, 16, and 19 would have used 


the override quantity instead of the quantity computed by the model. A 
comparison between the units demanded and the override quantity for these 
five items show that none of them would have had any unsatisfied demands 
in the load with overrides. TABLE XX shows that the demand items with 
overrides satisfied 40,529 units while the demand items from load list #4 
without overrides satisfied only 36,335 items, a difference of 4,194 units. 
The difference in units satisfied for the five items shown above between 
the model computed depth and the override quantity is 4,700 units. This 
difference is enough to explain the improved units effectiveness produced 
when the overrides are used. Each of the five items is very inexpensive 
and has experienced high demand in the past. 

The high units effectiveness and relatively high cost of the override 
items was examined further through the frequency distribution shown in 
TABLE XXII. The override quantity for each of the override items from 
load list #1 of TABLE XX is compared with the mode] computed quantity for 


the same item produced by load list #4 from the same table. 
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TABLE XXII 
FREQUENCY DISTRIBUTION OF OVERRIDE QUANTITY VS COMPUTED LOAN LIST QUANTITY 


LOAD LIST 
QUANTITY 


COMPUTED . H 101- {| 1001- 
BY MODEL O j1-10 11-20] 21-30{ 32-40] 41-50! 51-00] 61-80} 81-100] 1000} 9999 “9999 
‘ i t 


OVERRIDE QUANTITY FOR SAME ITEMS 


4 a | 


0) eon 4 1 2 1 - 31 = 
i : | 68 | 54 a1: 22 6 | 10 8 il | ae 1 
2 i 4 21 6 8 2 4 1 ee ae ee ee ee 
1 3 3 |} 10 6 ! 4 21 2 | oe ae a a ee : 
| 4 Log | s | 40 meee i 6 3 { 3 oe | a 
1s beta UE ge | ee oe ee ee ee ee a 
‘ lg eee ee 4 | 1 | a ae a ee ae ! oo 
; | 7 é | 1 | MO, ae ah 8g | 3 | oo cae 2 Bas, a 
| 8 a oe 1 1 7 | 3} 1 | 5 2 4 3 - - 
| 9 - | - i ae Se ee oe ae ee - | - 
frogs: = | 1 Sul 36 | 5 ee ae ee! (gin) ea XS 
20-29 7 | = | - i - 2 a ee eee 
30-39 | - | - Li - | - - ~ 1 2 | 6; tj - 
i | - - - | 1 oe oc { - ict -< : 
so-so; | 2 ‘ = | % ae 3 3 : : 
j 60-69 | jj - - - - - - - oar ee - 
70-79 | { . - ~ - | - 7 - - 6 - - 
e 80-89 - - ~ - - = 1 - 6 1 - 
4 | 90-99 | - - - - = ~ - re 5 = zs 
‘ > 99 | - 2 1 - - - - 1 14 28 3 
3 o {85 foo | 76 | 64 40 | 53 | 45 | 129 | 34 | 4 
C) 
The distribution data show the override quantity was generally 
significantly higher (often more than double) than the model computed 
‘ quantity. 
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A small random sample of the override items was selected in order to 
make a comparison between the override quantity and the historical demand 
for the item. For every item in the sample shown in TABLE XXIII, the 
override quantity, which is theoretically supposed to satisfy 90 days of 
demand, is the equivalent of more than two years of demand for one tender. 
In one instance (see item 14) the override quantity represents more than 200 
years of average demand, ‘The data from this table and the earlier frequency 
distribution clearly indicate that the override quantity assigned to many 
items is excessive when compared to the expected demand for the item and 
causes an unnecessary expense. 

TABLE XXIII also contains data from the AR 5 (CONUS) live data 
evaluation which shows that only three items from the sumple were demanded 
during the evaluation period, For items #13 and 15, both the override 
and the computed quantity were sufficient to satisfy all the demands, but 
for item #1, the computed quantity could not fill all the units demanded. 

In summary, the overrides generally apply to historical demand items, 
the overrides do contribute to the effectivenes:; measures, but the 
override quantities are frequently excessive. A more cost effective 


approach would be to limit the overrides and expand the range of demand- 


based items. 
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V. RELATED STUDIES 


Before the study described in this report was completed, 4 Study was 
released by the Naval Postgraduate Schoo] (NAVPGSCOL) which also analyzed 
the AD/AR TARSLL math model. The study is: entitled "An Analysis of the 1977 
AD/AR TARSII." of September 1980 and was prepared by Licutenant Commander 
James; llargrove, Jr. Efforts were made in this FMSO study to .void unnecessary 
repetition of the studies described in that. report. ‘There are duplications, 
however, because portions of the analysis had been completed before the 
NAVPCSCOL report was received and reviewed. Areas included in the NAVPGSCOL 
study that were not covered by this FMSO study include the use of frequency 
distributions other than the Normal distribution to represent demands, and 
the effects of time on load list performance. The NAVPGSCOL study analyzed 
both the Poisson and Gamna distributions as substitutes for the Normal 
distribution currently used in the AD/AR TAKSLL math model. The study found 
thet the load lists built with the Poisson and the Gamma distributions hod 
lower effectiveness: than the luad built with a Normal dastrabution, and 
recommended continued use of the Normal distribution. The study also reported 
on the results of a test which meusured the changes in load list effectiveness 
that occur over time. The study tound that overall effectiveness declined 
less than 53 over a two year period. tased on this and the stability of 
the demand data, the study found that creation of a new load list every 
three years is adequate. 

Two areas included in the NAVPGSCOL report were also examined during 


the PMSoO study. These oreas cre the use of the AOD a. a measure of 


easentiabity foe all items, vad the removal of the ronqe cut treo the tatt, 


model. The most important factor about these studies is thit the reports 
disagree. In evaluating the use of the AQD as a m@annre of casentrality 
for all items, the NAVPCSCOL study found thut this model change produced 
a “modest” increase in cost, an increase in effectiveness uf less than one- 
hal€ percent and, therefore, recommended that the change be used in the future. 
This FMSO study of the same subject found a slight reduction in cost, from 
$2.328 million to $2.325 million, and a large decrease in both the number 
of requisitions soti:fied (9.0%) and in the number of unite satisfied (12.8%) 
(sce TABLE XII). RBocause of tha:ie findings, thi: study recommends that this 
model change not be uscd. 

veleting the range cut from the mith sodel was alse wtudiad in both proicts 
and again each study hid different results. During the NAVPGSCOL. study, the 
removal of the range cut increased the cange from 13,.!17 to 19,975, cut the 
cost of the load list about in half and increased effectiveness less than 3%. 
Further investigation was recommended because of the luw cost. The NAVIPGSCOL 
stu’y also evaluated reducing the runge cut to a value of 4.0, but recommended 
against this change. In thin PMS) study, removing the range cut increased the 
range for the 1980 load list from 14,480 to 65,48, increused the load List 
cost from $1.906 million to $6.459 million (see TABIH VIII), reduced the 
number of requisitions satisfied by 10.81 and reduced the number of units 
satisfied by 4.3% (ree Ak § (GURUS) evaluation in TAME Tx). 

It is believed that the differences between the tw studics is caused by a 
combination of the different data used in the two studies und the different 
procedures employed. The NAVPGSCOL study used 1977 data as compared tu 1990 


data in this study. In building a test load list to compare with the basic 


load list, the NAVPGSCOL study changed only the math model program itself. 
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und replace the item. tne KZ parameter is found in the routine which uses 


BRE and item population to compute AQD. 


AQD « “a L(PORS) (K2) 4 (PORT) (43) 


: A value of G.t wos assigned to K? throughout this study. 

5 Fi~- this value cepresents that portion of an item's “tender population" 
(POorr) that ts supported by the render. “Tender Population" is defined as the 
blom pupuliGdon Chat i. ured in applications requiring intermediate (tender) 
tevel amrintonance capabilitoue: to remove ond replace the item. The K3 
porameter bso wud to coapute AO (nee description of K2 parameter). A value 
VF O.6) wee assigned to ri throughout this study. 

+. Fagenti bity semput tion Barametorn - (see APPENDIX C for definitions) . 
We Fob wine value were otnigned to the onsentiality parameters throughout 
this study: 

ef # 1.00 
eS + 1.6.7 
re - 1,00 
anruh, * 0.1> 


hui PHA, = GP 


“he Yi b wanes ute med pe tet ts were ais used during the course of thas 
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Bites Ene cto ea Serme ne poms Ship, ocean MOH test je adjusted to 


wee ER AU Bae si ry | GU et uP get ym = tade b- milt. plying 


aa? 


the ocean AQD by the adjustment. factor, X2. Since there are six Atlantic ADs 


and ARs, the value of X2 in this project. becomes: 
X2 = 1/6 = 0.166 = 0.17 
The value of X2 was set at 0.17 throughout this project. 


- KMAX and KMIN ~ the routine which computes: un acceptable risk oF 
stockout for each item contains variable parameters which define the maximum 
and minimum allowed values of computed risk/protection. ‘The program is de- 
signed to automatically use a maximum allowed risk (KMAX) of 0.97725 and a 
minimum allowed risk (KMIN) of 0.02275 unless other values are entered by 
the program user. In this study, the built-in value of 0.02275 for minimum 
risk (equivalent to a maximum protection of 0.97725) was used throughout 
the study. However, the built-in value of 0.97725 for maximum risk was 
adjusted at several points during this project. When changes were made, they 
are clearly described in the body of the report and at. all other times the 


built-in value was used. 


As noted earlier, the TARSLL program provides several different routines 
for making some calculations and also allows the user to exclude routines that 
are not needed. ‘This study made use of both of these options at appropriate 
times. When, for example, the runge cut procedures were not wanted or 
required, the program was instructed by the use of the appropriate parameter 
card, to skip the range cut routine. Similarly, when tests of a load list 
based on units satisfied were made, a parameter card was used to instruct 


the program to use the units effectiveness computations in place of the 


normal requisition effectiveness routine. 
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APPENDIX C: COMPUTING RELATIVE LPREM USSENTIALITY 


The current AD/AR math model program uses the prcecedures descrilbed Lelow 
to compute a numeric value for Relelive Item Essentiality ("Hh") for those 


items with no demand history. The value computed for "Ff" is used in 


computing the item's acceptable visk of stockout. The computation of "rb" 


uses the following item data: 


POPS (DEN E28) - item population or supported ships requiring only 
organizational (ship) level maintenance capability to remove and 


replace it. 


(DEN F28A) - item population on supported ships requiring inter- 
mediate (tender) level maintenonce capability to remove and replace 
it. 

(DEN E26) - 2 pseudo average Military Fssentiality Code, developed 


in UICP program EL7C2. It is considered the average MEC for the 


item population requiring organizational level maintenance. 


MECT (DEN E260) - a pseudo average MEC developed in UICP program E17CZ. 
It is considered the average MEC for item population requiring 


intlermediite level maintenance. 


The computation of “ih also uses the following variable parameters (see 


APPENDIX A). 


phancarad Them fssentiality (ODEN V2ie) - the value assigned to 


myer 


it cannot be computed because of missing cata. 


fleet tssentiality Coefficient - (DEN VAL) - a weighting factor 


ee at 


ansigned to the compubatien oof Sho. a 1S the value of 


"E" computed for the item populatiun requiring organizational 


level maintenance. 


KT = Tender Kssentiality Coefficient (Den V219) - a weighting factor 


assigned to the computation of “Ey” "Ep is the value of “E" 


computed for the item population requiring intermediate level 


maintenance. 
ALPHA, = Fleet Essentiality Exponent (DEN V218) - the parameter used 


to control range of values that can be computed for "F" (sec 


above). By adjusting the value of ALPHA, the difference 


Ss 


between the highest "E_", computed for the most essential 


7 s 
organizational level items, and the lowest "Eo". computed for 


. the least essential organizational level items, can be changed. 


: Currently ALPHA,, is set so that "BE." varies between 1.0 (highest 
4 ~ 
i essentiality) and 0.001 (lowest essentiality). 
E ALPHA,, = Tender Essentiality Exponent (DEN V220) - used for same 
purpose as ALPHA. , but is applied to "Ep" computations. “Ey 
also ranges from 1.0 to 0.001. 
The value of "E“ is then computed using the following three formulae: 
q " <a 
. E = (KS)e (116 MECS) ALPHA. 
a ~ 5 ~- i > 
: E, = (kte (58 ~ MECT) ALPHA, 


(POPS)E, + (POPT)E,, 
: E = at 


POPS + POPT 
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